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Summary A total of 288 finishing pigs (PIC TR4 × 1050, initially 129.6 lb) were used in a 73-d study to determine the effects of increasing sorghum dried distillers grains with solubles (DDGS) in sorghum-or corn-based diets on finishing pig growth performance, carcass characteristics, and fat quality. Pigs were allotted to 1 of 6 dietary treatments in a completely randomized design based on initial pen weight. The dietary treatments included sorghum-based diets with sorghum DDGS included at 0, 15, 30, or 45%; a sorghum-based diet with 30% corn DDGS; and a corn-based diet with 30% corn DDGS. Overall (d 0 to 73), increasing sorghum DDGS from 0 to 45% reduced (linear, P < 0.04) ADG and ADFI. Increasing sorghum DDGS increased (linear, P < 0.01) backfat iodine value (IV), and fat color became less red (a*; linear, P < 0.01) and tended to be less yellow (b*; linear, P < 0.06). No differences were observed in growth performance among pigs fed corn-or sorghum-based diets with 30% corn DDGS along with similar carcass characteristics, backfat, loin depth, fat-free lean index (FFLI), HCW, carcass yield, and backfat IV. Pigs fed sorghum-based diets with either 30% sorghum or corn DDGS had similar ADG, ADFI, and F/G, as well as similar carcass characteristics; however, pigs fed 30% sorghum DDGS had decreased (P < 0.01) backfat IV and fat color that was more white (L*) and less yellow (b*) in color than pigs fed 30% corn DDGS.
Introduction
In the Great Plains region of the United States, sorghum is grown due to its ability to survive in drought conditions. Due to the large production of sorghum in the area and its use in ethanol production, sorghum DDGS are more available to swine producers than corn DDGS.
Sorghum has a feeding value of 96 to 100% that of the value of corn, and produces similar pig growth performance when used to completely replace corn when formulated in swine diets; however, although a large database of information is available on the nutritional value of sorghum, little is known about sorghum DDGS. Therefore, more research needs to be conducted to determine the feeding value of sorghum DDGS. The objective of this study was to compare corn-vs. sorghum-based diets and determine the effects of increasing sorghum-DDGS on finishing pig growth performance, carcass characteristics, and fat quality.
Procedures
The protocol for this study was approved by the Kansas State University Institutional Animal Care and Use Committee. The study was conducted at the K-State Swine Teaching and Research Center, Manhattan, KS.
The sorghum, corn, sorghum DDGS, and corn DDGS and were analyzed for their amino acid profile at the University of Missouri-Columbia Agricultural Experiment Station Chemical Laboratories (Columbia, MO). Standardized ileal digestibility values for the sorghum DDGS were derived from Urriola et al. (2009 3 ) . These values were then used in diet formulation (Table 1) . Fatty acid analyses were conducted on the corn, sorghum, corn DDGS, and sorghum DDGS utilized in the study at the Kansas State University Analytical Lab (Manhattan, KS; Table 2 ). Bulk densities (lb per bushel) were also measured among the treatment diets (Table 3) .
A total of 288 finishing pigs (PIC TR4 × 1050, initially 129.6 lb) were used in a 73-d study to determine the effects of increasing sorghum DDGS in corn-or sorghum-based diets on pig growth performance, carcass characteristics, and fat characteristics. Pigs were allotted to 1 of 6 dietary treatments. These dietary treatments included: sorghumbased diets with sorghum DDGS included at 0, 15, 30, or 45%; a sorghum-based diet with 30% corn DDGS; and a corn-based diet with 30% corn DDGS (Tables 4, 5, and  6 ). There were 8 pigs per pen and 6 replications per treatment. Each pen provided 8 ft 2 / pig and had totally slatted floors, one 5-hole self-feeder, and a cup waterer. Throughout the trial, the pigs had ad libitum access to feed and water. All treatment diets were in meal form and fed in 3 phases (d 0 to 28, d 28 to 56, and d 56 to 73). Pigs and feeders were weighed on d 0, d 28, d 56, and d 73 to determine ADG, ADFI, and F/G.
At the end of the study, the heaviest barrow and gilt were selected from every pen and taken to the K-State Meats Laboratory. Standard carcass characteristics were measured, as well as loin eye color, marbling and firmness, and fat color score. Fat samples from the 10 th rib were taken and analyzed for fatty acid profile and IV. The remaining pigs were taken to Triumph Foods LLC (St. Joseph, MO) for standard carcass data collection and jowl IV value.
Data were analyzed in a completely randomized design with pen as the experimental unit. Analysis of variance was used with the MIXED procedure of SAS (SAS Institute, Inc., Cary, NC). Single degrees of freedom contrasts were used to make comparisons between: (1) the sorghum-and corn-based diet with 30% corn DDGS, (2) the sorghum diet with 30% sorghum DDGS vs. the corn-based diet with 30% corn DDGS, and (3) linear and quadratic effects of increasing sorghum DDGS (0, 15, 30, and 45%). Results were considered significant at P ≤ 0.05 and considered a trend at P ≤ 0.10.
Results and Discussion
Chemical Analyses. As expected, the corn and corn DDGS contained greater concentrations of linoleic acid (C18:2n-6) as well as lower monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) concentrations ( Table 2 ). Sorghum and sorghum DDGS had greater concentrations of SFA and total trans fatty acids than the corn and corn DDGS. Therefore, this resulted in the corn and corn DDGS having greater IV than the sorghum and sorghum DDGS, respectively. As the amount of DDGS increased, bulk density of the diet decreased (Table 3 ).
Growth Performance. Overall (d 0 to 73), increasing DDGS (0, 15, 30, or 45%) decreased (linear, P < 0.04) ADG, ADFI, and final weight with no change in F/G ( Table 7) . Growth performance between pigs fed the corn-and sorghum-based diets with 30% corn DDGS was similar, as was the performance of pigs fed the sorghumbased diets with either sorghum or corn DDGS.
For carcass data of pigs taken to the Triumph packing plant, jowl IV increased (linear, P < 0.01) with increasing sorghum DDGS. Increasing sorghum DDGS decreased (linear (P < 0.01) backfat depth but had no effect on loin depth, resulting in increased (linear (P < 0.01) fat-free lean index (FFLI). Hot carcass weight decreased with increasing sorghum DDGS (linear (P < 0.04), but carcass yield was similar among treatments. Jowl IV tended (P < 0.10) to be greater in pigs fed the corn-based diet with 30% corn DDGS than those fed the sorghum-based diet with 30% corn DDGS. No other carcass characteristics were different among the sorghum or corn diets with corn DDGS. Pigs fed sorghum-based diets with 30% sorghum DDGS had decreased (P < 0.04) jowl IV than pigs fed the sorghum-based diets with 30% corn DDGS or pigs fed the corn-based diet with 30% corn DDGS.
For carcass data of pigs slaughtered at the K-State Meat Laboratory, increasing sorghum DDGS had no effect on HCW, carcass yield, purge loss, or drip loss; however, pH tended (P < 0.06) to increase with increasing DDGS (Table 8 ). Increasing sorghum DDGS had no effect on backfat thickness, 10 th rib loin eye area, color, firmness, or marbling. Increasing sorghum DDGS decreased 10 th rib loin redness (a*; linear, P < 0.03) and also tended to decrease the degree of yellowness (b*; linear, P < 0.06). For backfat samples collected at the 10 th rib, the degree of redness (a*) decreased (linear, P < 0.01) and yellowness (b*) tended to decrease (linear, P < 0.06) as sorghum DDGS increased. Pigs fed the corn-based diet with 30% corn DDGS had a decreased degree of yellowness (b*; P < 0.03) compared with pigs fed the sorghum-based diet with 30% sorghum DDGS.
Carcass characteristics were not different among pigs fed sorghum-or corn-based diets with 30% corn DDGS or for pigs fed sorghum-based diets with either corn or sorghum DDGS. Pigs fed the sorghum diet with 30% corn DDGS tended to have loins that were firmer and had more marbling (P < 0.08) than those fed the corn diet with 30% corn DDGS.
Pigs fed sorghum with 30% sorghum DDGS had fat color that was more white (L*) and less yellow (b*) in color than pigs fed sorghum with 30% corn DDGS (P < 0.03; Table 8 ). Because a growing percentage of U.S. pork is exported to other international markets, sorghum DDGS may have an important role in the future of swine diets due to its ability to produce pork fat that is lighter in color and less yellow.
Carcass Fatty Acid Composition. Increasing sorghum DDGS reduced (linear, P < 0.01) palmitic (C16:0), stearic (C18:0), and oleic (C18:1 cis-9) fatty acids. On the other hand, linoleic (C18:2n-6) and linolenic (C18:3n-3) concentrations increased (linear, P < 0.01). As a result, SFA and MUFA decreased (linear, P < 0.01) and PUFA and backfat IV increased (linear, P < 0.01) as sorghum DDGS increased in the diet.
For backfat, pigs fed the corn-based diet with 30% corn DDGS had greater concentrations (P < 0.05) of C18:1 cis-9 and MUFA than pigs fed the sorghum-based diet with 30% corn DDGS (Table 9 ). Pigs fed the corn-based diet with 30% corn DDGS had decreased concentrations (P < 0.03) of C14:0, C16:0, C18:3n-3, and total trans fatty acids than pigs fed the sorghum-based diet with 30% sorghum DDGS. Pigs fed diets with corn DDGS had greater concentrations (P < 0.01) of C18:1 cis-9, C18:1n-7, and MUFA, whereas pigs fed diets with sorghum DDGS had greater concentrations (P < 0.01) of C18:2n-6, C20:2, and PUFA than pigs fed diets with corn DDGS.
Overall, pigs fed DDGS had greater (P < 0.01) IV than those fed the sorghum basal diet, with pigs fed corn DDGS having greater IV than those fed sorghum DDGS. Although the corn DDGS contained greater concentrations of UFA, the sorghum DDGS had greater concentrations of SFA. The results found in this study agree with previous research conducted on the effect of DDGS on carcass fat composition (Benz et al., 2011 4 ).
In conclusion, we observed similar ADG, ADFI, and F/G, as well as carcass characteristics, for pigs fed corn-or sorghum-based diets with 30% DDGS. Backfat IV was greater in pigs fed increasing DDGS, with a notable increase in pigs fed corn DDGS compared with those fed sorghum DDGS. Feeding sorghum DDGS produces pork fat that is lighter in color and less yellow than those fed corn DDGS, which may have be important in pork export markets. 
